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1. Tntroduction

The 4definition of telerobotics (TR) has not yet stibilized nor made the standardi English
language df{ctionary. I tend to use talersboti~s as 19a3ning resote 2ontrol af robots by e
human opesritor using supervisory and soame 4direct control. Thus, this i3 an iaportant area
for the NASA avolving space station. By robot, T mea1n 1 minioulator/modbility device with
visuil or other ssnseas. T 40 not nime maaipulators, 1s in 2any industrial autonation sat-
ups, rvobots even {if they can dea flaxibly orograimmed: rather 2 .1lling these prograzrdle
sanioulators. Jur own laboratory a2t the University of California, Berkeley, his bdeen
i{nvolved {n orobleas in di{splay of informition to the human operator, {n probleas of =ontrol
of »emote manipulators by the human ope*rator, 2nd in 20mainization 4elays and dand-widith
l1imitations 2s influencing both contral and the 4isplay. A nusder of recent reviews havae
appearad with Aiszussions of the history of telerobotizs beginning with nucslear olants and
undacrsers oil rigs.

2. Thra2e Simultineous Research Directions

T beliave that we should engage in triolicate or three way olanniag. It is iwoortan. to
sarcvy out our ressearch to 1ccoxplish tascs (i), with win 21%70ne, {f possible, such 28 in EVA
{(extrr-vehicular activitias), (11) with autonomous rvodots (A2)., 114 (1i{1) with telarobotics.
3y ~omparing and zontrasting the research necessary t3 zarry out these thrsee snproaches, wse
2ay 2larifvy sur or2sent problens.

Thars 2are problems using m2n alone. The -
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5. 30212¢ 3tatfon Tasks

Jae 2f the 31ior roles thait YA3A 22n 211y {3 20 hyoothestize *asks far %he 2avolving s3ace
station. In this wiy resear:h regariing <he 4asign >f telerodosts to 12223Dii{sh these =a1sks
11 dDe Zuidedi. Foar 1 list 5f saven zrouds >f *isics s2: T{gure 2,
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As T will consider latar, it {is
faportant to Ad{stinguish batwean thoss
tisks uniqus to the NASA/avolving Soace
Station a1nd4 those with "{ndustrial
dei{vers” that will 1cco2m0lish
devalopment of naw teachnnlogisas {n
hopafully 1 sugsrior fadhinn and thus
anible conservation of limited NASA
resourses.

4. Problems in Talarobotics

This naxt section of my ¢talk,
revieaws of problsemss {n telerodbotinag,
will be adbbreviated., The raeviaw {s
divi1e1 into probleas in telarabotics
aoncarning Atsplays, vision a1nd other
sanses (Figure 3) ani orobleas {n
telarobntizes 4ealing with 2ontrol ant
communicition (Flgurs 1).

In 912h sention, I start with basi-
propartises of thes humin oso2ritor and and
up with plannad ~2103bilitiss of
autonosous robots. In betwaesn, [ try to
sover what knowladige axists now in our
tiald of tala2robotics. (S22 alse
companinn papar by Stark at a2l in this
volume.)

FIGURE 3: DISPLAY PROBLEMS FOR TuE HuMay (PERATOR
HUMAN VISION LLV, MLV, WLV
DISPLAY GRAPHICS (RASTER/VECTOR)
ON=1THE ~SCREEN ENHANCEMENTS
ON-THE ~SCENE ENMANCEMENTS
OTHER SENSES DISPLAYED;
[NPUTS TO OTHTR SENSES

PERSPECTIVE AND STEREO DISPLAYS
TA$K PERFORMANCE CRITERIA

HELMETY Mo -.° .
tN€C:  SPACE CONSTANCY

HUMAN OPERATOR (H.0.) PERFORMANCE
FATIGUE, EFFORT, VIGILANCE

ROBOTIC VISION®

LLV - CHies
MLV - BLOCKWORLD AND HWIDDEN LINES
WLV - ICM, Al

.!atez LLY i3 lower level vision, MLV,
2{d41¢ level viaion, HLVY higher laevel
vistion, including ICH, image comores-
sion by modaeling 11nd AT, artifizial
fntelligance.

FIGURE 2:

NASA SHOULD MYPOTHESIZE TASKS FOR E/QLVING SPACE STATION
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INVENTORY CONTROL, ACCESS AND STORAGE
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GARBAGE DISPO3AL
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MAINTENANCE

SATELLITE
VEHICLES

SPACE STATION ITSELF

CONSTRUCTION

ADDITIONAL SPACE STATION STRUCTURES

MANUFACTURING

CRYSTAL GROWTH, BIOPHARMACEUTICALS

MoBLtTY

AUTOMATIC PILOTING

NAVIGATI(ON

PATH PLANNING

SCIENTLFIC

LANDSAT TYPE [MAGE PROCESSING FOR AGRICULTURE
ME TEORDLOGY

ASTRONOMY

HUMAN FACTGRS RESEARCH
SCIENTIFIC RECORD KEEPING

FIGURE 4: CONTROL ANMD COMMUNICATION PROBLEMS FOR IHE HumAN QPERATQR

BASIC PROPERTIES OF H.0., ESPECIALLY FOR EVA TASK PERFORMANCE
NERVE, MUSCLE, AG/AT MODEL*
SAMPLED-DATA (SD) AND ADAPTIVE CONTROL

PREDICTION, PREVIEW, OPTIMAL CONTROL--KALMAM FILTER

H.0. CONTROL OF VEWICLES, MANUAL CONTROL

H.0. CONTROL OF TR

H.(, SPECIAL CONTROL:

PREVIEW, DELAY, BILATERAL. HOMEOMORPHIC CONTROL

1.0COMGTION (HUMAN, ROBOTIC):

NAVIGATION--PATHWAYS
POTENTIAL FIELD ALGORITHMS

HLC (MIGH LEVEL CONTROL);
SUPERV[SORY CONTROL

MULTIPERSON COOPERATIVE CONTROL: RCCL: FUZZY SETS

AUTONOMOUS ROBOTIC (AR) CONTROL

SENSORY FEEDBACK, ADAPTIVE CONTROL, Al

*Note: AG/AT ts an

and co-contractad
control.
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5. Industrisl Drivers For Cartain Necassary Spics Statlon Technologles.

This next section desls with the future,
than BASA for new technologies which say de required in the avclving Soacze Station. Tn Figare
S I list nine cozponents of a2 telarodbotins systes that zcertainly seen to de Ariven by
research and develoopzent. Therafore, {t se=as
reasonible for YASA to sit dDack and wait for ani eviluate these 1evelopments, saving its
resources for those necessary technologies that will not be 35 Ariven.

i{sportant {industrial hardware ceguiremsents,

FIGRE 5: DRIVERS QTHER Tian NASA FQR NINE NEEDED JE(mOrCGISS

ROBOTIC MANIPILATOR AND COMTROL SCHEME

JOYSTICK = AIRCRAFT

AR nuuncnmls Inms‘rlv. NUCLEAR [NDUSTAY, MINING

InDus FORCE AND TOUCH: COMPLIANT CONTROL

BOV aMD MOBILLITY

RILITARY. TANKS AND OTMER VEMICLE PLANS?

UNDERSEA ROV - OIL AnD COMMUNICATIONS [NDUSTRY

LOCOMOTTON - UMIVERSITY RESEARCH

SHIPPING INDUSTRY: SWIPS AT SEA [AR, TR, Man]

IV Cavenp
ENTERTAINMENT INDUSTRY -~ COMMERCIAL DEVICE
SECURITY [NDUSTRY
NEED MOUNTS, CONTROLS AND MOTORS FOR PAN, TILT
AND FOR STEREQ V&
APM !

ENTERTAINMENT IMDUSTRY IS A BETTER DRIVER THAN
COMPANIES BUILDING FLIGHT SIMULATORS:

HMD AS AN EXAMPLE,
EM SENSCRS RESEARCH/HEAD-TYE MOUSE

ple.}
Lanpsar
SECURETY
MeEjLCcaL INDUSTRY - (T anD MR]
[MDUSTRIAL PRODUCTICN LINES
TD - ImaGE UNDERSTANDING

ComeyTER
CMPUTER {NDUSTAY
(HDW) AND (SFd)

COomPyTER SCIENCE SE3EARCH 3ASE IS NOW VERY EROAD

QM N CAT 0N
COMmMICATION (NDUSTRY 5 NUGE
SH1PS AT SEA
B COMPRESSION
REMQTE 1C RIGS
ARCTIC STATIONS
‘.’.;:S AND —Wmu 2 ;._.5_2 4,0, EATIGUE anD
vDrmYF S . K
GRETCE AUTCMATION FORCES
19 TPAFEIC IONTT | MEEDS

SECURITY INDUSTRY

COCPE3ATIVE JONTROY
MILITARY - SUBMARINE CONTROL
SELICOPTER FLIGKT CONTROL
IR TRAFFIC CONTROLLERS
NUCLEAR [NDUSTRY
CHEMICAL PLANT INOUSTRY
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and especially with "i{ndusiri{al 4Arivers” other

Looking 2t these figures gives us sr9e
zonzept of how {adustrial 4evelopment ury
oroviie var{ous types of technslogies far
th2 evaolving Spaze Station; indeed, NASA 3y
be a1dle to oizk 311 choose from off-the-
shelf {teas! For examole., the maost Dowe-ful
2o1puters 91 the last spaze shuttles wera
the hand1-hel1 partadble corouters that 2he
astronauts braugh* abaard whizh contaiaed
auth greater 2an3- lity than the on-bairi
2o21eputers; thnase hal bean “rd3z2n {n their
dasign ten y2ars agz {7 the planning stages
for th2 spiz2 shattle.

5. 29317y Talaradotiss Tecshnologios 2

e
b2 Soarked bv VA3A

Yowaver, thars: 3r2 s2veril ara1s ia
talarabotiss that 22v likaly 19t B2 Avirvan
fnd202ndi2atly of YASA, or whaeras NASA 1217
hav2 11 i{7p2rtant zole to olav. Tadeed, ¢h:
Congrass his sp22ifiz21lly =miaiata41 that 17%
2 th2 Spaiz2 Statiosn budigat should be usa?
far Aatow2tion 129 Robotiss development, 3nid
that this i{n so32 sens= shouli spearherd
fndustri2l vaodboatiss ia the Uaited Statas
(Figura 5).

FIGURE 6: AREAS SPARKED BY NASA NOT [nCuSTRIALlY JRIVEY
VISUAL ENMANCEMENTS FOR GRAPHIC Dispray
TELEPRESENCE WITH STEREQ #ELMET MOUNTED DiSFLAY (HMD)

MULTISENSORY [NPUT PORTS:

WORRY ABOUT H.). OVEaLOAD CONDITION

(ESPECIALLY WITH COCPERATI' '€ CONTRCL AND COMMUMICATION:
HIGHER LEVEL ROBOTIC VISION:

EXAMPLE -~ [MAGE COMPRESSION By MODELING ( [CM)
(TO REQUIRE LESS INFGRMATION FLOW AND FASTER UPDATE!

SPECIAL CONTROL MODES FCR H.O.
HOMEOMORPHIC CONTROL
BILATERAL CONYagL
TIME DELAY AND PREVIEW CONTROL FCR TIME DELAY
ComPLIANT CONTROL
Hinega LEVEL CONTROL LANGUAGES
tsuCH AS RCCL; FUZZY CONTROL: PATH PLAWMING BY POTENTIAL
FIELD CCNSTRUCTION!
FLMCTE TPERATING VESICLES 'ROVY SPECTAL CONTCL PRCBLEWS!:

NAVIGATION, ORIENTATION, OBSTACLE AVOITANCE FOR RQV

CocPERATIVE CONTROL:
COCPERATICN AMCNGST ~UMANS, TELERCBOTS, AND AUTINGMOUS >IKCTS

(O TANT, FLEXIBLE, HOMEDWCRPMIC VaNIPULATIRS
GRAS? VERSUS TCOL uSING

HOMEDMGRPHIC DUAL MCDE CowTROL

[mPEaANCE CINTROL



7. University YASA Research

I now would 1like to make a2 pleaa that NASA should expind 311 stinulate telarobotizs
reasssrzh 2oniusted within the university environaent. 7€ course, 13 31 praf2997> I may hive 1
bizs in this direcstion an1 T 33 willing to listen tn contrary argusents! In 144ition 29 the
banafits of the researzsh 3220320lished by universitiss, NASA 21ls0 gots the efuzrtisa 111
triining of new anginearing manpower sp2zifizally dirscted tawards telecodbatizs, and frzused
on the avalving Soice Station.

What kind of university and eduzytionsl resesrch should be funded {n geasral dDy WASA, T
beliave there are tws lavels of coat (with howvever thrae 4irections) {ats whizh these
2fuzatinonil ressarch ladbs shoulld be classtified.

(1) Ftrst are Simulation Telarobntiss Ladboratories, Here we need gravhizss cowvuters,
perhios jaystisks, p2rhaps higher level supervissary c=ontrol languages, =azervas, image =208-
pressinsn tezhniques 111 counmunization sthexes. [ would guess that our couartrvy needs a2t lesst
thirty suth systens for educsation and trataine. These systeas should bde very {nexpeasirve,
aporaxivartely $57,097 ea2h. They neaed not =2ven be gaid for dy NASA, sinze universities 211
pravide suzh rasearch siaulation laborataries nut of their e4ucatinnal bduigets or froz s1urll
fniiviiurl reg2arsh graints. Jur Telerabotics Unait 2t Serkeley his bean thus funded. A ¢a191
1211 2f e2vplaoratory researzh 2311 be zarried nut {nexooasively {2 this a3nner,

(1{t) 322971, we qae2q Televrndoatis Labaratnories with ohvysi<al manioulataors oreseat 1s
izp09rtiat res2arch 29199121ts.  Ia this way, experimeats with varions robotiz wianfoulitsrs,
23022131ly thas2 with so2>ial 291tral zharvasteristics siuzh as flexidility, howenamorohi~: fora,
n24 Jevalopiasats {n griso273, 12]1 variidble izpedrnze 291trol wodes, other thin are foual {a
sti1nriacd infustrial 1manioulatars, would be possible. T gueass that thare are 1bout five suzh
1adaritarias {1 sn1e stage of 1evalospu21t 21t 11197 universitiss i{n the 2n1atrey. T wouald
farthar 23%imz3t* thit th2s2 laboritories 292uld 2a2h use 21 faitial develsovrant budget of
$377.7J2 %7 211bl2 thex to purzhise 127es3ary hairduars in 114f{tion to softwire 13 existaat {2
th2 Siwalait21 T2larabotizs Laboarataries.

Aqs%ha= 32t 2f 2o2stly labosratories w5211 be Talarobotizs Laboratories with rewnte
sp2ratoring vehisles (IV). Ya2er agri{in, we 1221 2bout five ladboratories at univacstties wich
first 21133 21ginezring szhaols. Again, T estiwate about 33297,029 eazh for the fnttial
nird41r2 suavoart 2f these RI7 ladbs. They =o5uld th2a stuiy transfarc vehizles, 19231 Soirze
Stitinn 72aizlas, ¥991/Yars Iovers, 121 even 29aD1re YUY vs. talersbotis 2ontrilled vehizles.

The 2ni7zersi{ity labaraitories wnuld 2o9ntrast with 3nd1 serve 3 1i{fferent fuaztion than
21g71ing 1273303122 industrial ladbarataries, 111 VASA 111 other governzent laboritaries. Thaese
lattar 31sseabls harvdwir: €3r d21a91stratinn 171 f21sidility studies. Than uafartunately thev
1r2 9212739 111bl2 £9 csarry sut carefual huaan fistors reszarcth 1211ing with tha shaiagiag
128ign 9f suzh ni=z23 2 271i0321t. In ih: univarsi{ty s2tting, this 10p17Tatus 29uld be takea
apart, 111321, ra2vitilizad, =221ified 2111 ths flexidiltity would {afosrcx our =urraat
2apadbility. T 42411 lik2 %29 29atrast the 393311927 Zondor and Go3s212er Albartross with the
VA3 orogrin. It wis zl2ar that {f M2Zready was 2ver £9 be suzcessfal, he had to duild 2
ato2rit2a%til olaves whizh was 2¢022%21 £9 Hreyd 49wq 2127 experizental 4av. Sut the slane
22211 B2 r2291ir21 in 2 f24 airutas! This "1adnratary beash™ 291220t is 95 {ifferent frin
t42qty-v2ir-1h21i-olanning 2urrantly 2927tvalling 24r spaze oragran that has deen affextively
21f2in1t24 1t NASA, I thine 1t (s {wpartant 2 reinterasdiure rough-ari—reardy Ziel1d
laboratories bazc f{atm the spaz2 oragranr.

3. VA3) 2rizes

112%72* ral2 thait NA3A 1izht olay i3 t2 »ffa2r d=2a2nstraitinn 2antrazts 97, even bellar,
oriz23 f97 12221 0lisheent 2 spesifis tascs. Agifiar T £ara t3 th2 Kreasr Prizes: here 1
orivats {14ivi4311 4911t24 o9rize 3212y t2 52 241rded £o the first to duild 1 211 -Doverri
afzr2rzafs 391f9raing t9 sertifn zarefally l1ai{d 2ut sp2:ifizatians.

2212131121 %{27 2hinanels f27 2natrslling rzast2 zehizles 271 reaste z11iDulators 172
1lr2247 set ua. Thus we 22211 have prize s9ntestints desonstratianag a2t Aifferiag 1o2atinas a1
217%h 1% 312 "7 axt {21%%iri1tivas asiag 2l2me21ts 2101dla2 2f sp2ritiag {a snrze, 9T sv2q
22re stringaatly, 2 having that ginrimaa 11%% 2191dle 2f being 1ifted ints soirze: 1nd1 than we
afght harr trusr shiystla 3111 92172 station iexsnstratinas.

3. {a%ellactual probleas ia Zi f7r the Sprte 3tation

T{e1lly, T «42ald like 29 l2ave yo2u with the shought thait the list 27 $3-de-sparvikai-dv-
Y434 ora5l2r33 ia Tizur2 3 291%ti1ias 13117 {3977217% {14+1lestyql odrodleas faziazg the arer 27
t2leroboatiss, Althaagh theg2 1r21s 17e Heiag 1297212hed {1 23r researsh 2r2v2unity 1% tae
oragant {3, it 11y 72t de possidle £9 frvrgee ywhyt a2vel Yinds 27 ~halleages will Caze the
2v21l7i1g So13e 3tatidn {1 twenty vears. Even though I way 719t oreif2t azzurartely, T =22rccrialy
hao2 T ax %har2 {1 p2799n %9 witzth %t2l279%9%iz9 plaviag 2 2a1ior =ole {a 2p2=a1ting the Soize
3tatian. A2¢ndv¥ledgra2at: 310097 Traoa J2L (35537%), Dr. SBeiazy; ¥A3A-Axes (Y27 -3%), C=,
S1li9: 111 1is22s3i{27 with =291l=21c3as Deg. J. S. X{w, T. T2adiizc 311 9. Haar %=1,
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